Volume 93, Number 3, May-June 1988 

Journal of Research of the National Bureau of Standards 



Accuracy in Trace Analysis 



11' 



. 105 



9 136 



111 

m 



y 



143 



193 



237 



IVZ \i 



IM 177 219 K3 

Vt[|UMjL34^^W^^^^ .Iff ,^^, ■ 

198 2to 2se sie 39a 



e?! 



429 



IVZ 



473 "' T 

b,:iv„4 ,T,T ,l,T, ,i.,;r,i.,,T.l,T,i'i 

^ 4se sde SN GM 



XC49 



H/Z 



'f 857 »' 

"^^^ /^ l .^ «P e?2 <>4«L 873 

■ ! " ■ r " ' I ■ ^ ■ I ^1 * 1 ' i' I > y ■ i*^!-- i'' I ' 'i ■l^ ■ I I I I I ■ ['■ I .'i ■ I ■ T ■ T 



T 
Tee 






7W eee ese 9M 

Figure 2. Desorption chemical ionization mass spectrum of particles. 
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1. Introduction 

Information on the elemental composition of ma- 
terials can be of great value in a variety of research 
problems. Obtaining this information is a problem 
in cases where only a very small amount (micro- 
grams) of material is available since conventional 
microanalytical techniques require much larger 
(milligram) samples for each elemental determina- 
tion. In these situations, a method which would de- 
termine all the elements present using a single, 
submicrogram sample would be useful. 
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Atomic emission generated from samples which 
have been introduced into a microwave plasma 
(MIP) has been investigated extensively as a means 
of element specific detection and as a means of ele- 
mental ratio determination [1,2]. Microwave plas- 
mas generated in a helium carrier are especially 
useful because high levels of excited atomic states 
of several interesting nonmetals such as carbon, ni- 
trogen, phosphorous, sulfur and the halogens can 
be generated [3,4]. Simultaneous measurement of 
emission from the desired elements provides the 
potential for multielemental determination using a 
single submicrogram sample. 

Although gas phase procedures for introducing 
samples into microwave plasmas have been the 
most reliable, they cannot be used with most solid 
samples. Electro- thermal procedures have also 
been reported for some sample types [5,6]. The 
more general method of sample introduction for non- 
volatile samples reported here uses a fine quartz 
filament to deliver a sample to a low pressure mi- 
crowave plasma. This procedure delivers the sam- 
ple to the plasma intact, producing sharp responses 
of around a second in duration at all emission wave- 
lengths. A series of samples containing C, S, F, and 
CI are used to evaluate the performance of this 
technique in determining elemental ratios in solid, 
nonvolatile samples and in predicting empirical 
formulas with complementary mass spectral data. 



2. Experimental 

The data were generated on a commercial instru- 
ment, the MPDS50 (Applied Chromatography 
Systems, Lutton, Bedfordshire, U.K.). This instru- 
ment was designed as a gas chromatographic detec- 
tor and was modified for solid sample introduction. 
The MIP was produced in a 1/4-wave Evanson 
type cavity using chromatographic grade helium at 
~ 10 torr, containing about 0.2% oxygen to pre- 
vent carbon buildup on walls of the quartz tube 
confining the plasma. Forward microwave power 
of 100 watts at 2.45 GHz was used with minimal 
reflected power. The grating produced a recipro- 
cal dispersion of 1.39 nm/mm (first order). 

Elemental emission was detected simultaneously 
at the wavelengths shown in table 1. The photocur- 
rents were amplified and digitized (120 Hz) and 
stored on a Harris HI 000 computer. 

The sample delivery device, illustrated in figure 
1, consists of a quartz filament (0,0776-0,102 mm 
diameter) inside a hollow-fused silica guide 



(OD=0.42 mm and ID=0.32 mm). This assembly 
was contained within the enclosed vacuum mani- 
fold. Individual magnets were attached to both the 
filament and the guide tube which allowed them to 
be moved in tandem or individually with magnets 
on the outside of the manifold. 



Table 1. Wavelengths monitored atid the slit widths used to 
monitor atomic emission 



Element 



Wavelength (run) 



Slit width (pm) 



Carbon 


247.86 


75 


Chlorine 


479.45 


50 


Sulfur 


545.39 


50 


Fluorine 


685.50 


73 



Samples were loaded from chloroform solution 
directly onto the quartz fiber using a 10 jmL Hamil- 
ton syringe at Port A. The solvent was allowed to 
evaporate before analysis. Complete solvent re- 
moval was established by the absence of carbon or 
chlorine atomic emission after the plasma was trig- 
gered. After being loaded, the fiber was drawn up 
into the guide tube and the assembly was lowered 
in tandem to a point just above the plasma. The 
fiber was then lowered directly into the upper por- 
tion of the plasma. After sample vaporization the 
fiber could be raised back into the guide tube and 
the assembly raised in the manifold for reloading. 



3. Results and Discussion 

The structures of the samples used are given in 
figure 2. The responses shown in figure 3 are typi- 
cal of those obtained using sample sizes of about 
500 nanograms. For illustration they have been off- 
set and normalized so that the largest signal is full 
scale. The responses are all sharp with a half- width 
of under a second and a high signal to noise ratio 
for all elements. Within seconds of the initial analy- 
sis, the quartz fiber was reinserted into the plasma. 
No observable responses were observed for any of 
the samples following this procedure indicating 
that the sample was completely transferred to the 
plasma on the initial insertion. 

The elemental responses were quantitated by 
peak integrations and these responses were used in 
eq (1) to give the data shown in table 2. 
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Table 2. The number of heteroatoms per molecule calculated Table 3. Empirical formulae within 5 millimass units of 

from the experimentally determined elemental response ratios. 502.1226 when heteroatoms are constrained to the ranges 

Each result is the average of four separate determinations. The 0<F<5, 0<O<5 and 0<S<2 

standard deviations are given in parentheses ^^z=^^=^=::^^z^^z=^=^^=^i^z=^i^;:=^=^=:^^;^z= 



Empirical Formula 


F atoms 


S atoms 


CI atoms 


C2jHi,N02FzCl 


2.4(0.11) 


0.017 


0.97 (0.25) 


C27H22O3F4S' 


4.0(0.1) 


0.91 (0.07) 


0.1 


CiqHijNsOjSCI" 


0.004 


1.00(0.03) 


1.00(0.11) 


CH^NOCl; 


0.006 


0,004 


2.5 (0.4) 


C,H,NOS2 


0.001 


2.3 (0.2) 


0.03 


C,oH,NOiFCl 


0.96(0.01) 


0.004 


1.1(0.3) 


CH.jOiF 


0.83 (O.OI) 


0.007 


0.02 



H F O 



33 17 3 2 

30 18 4 3 

35 18 4 
27 19 5 4 

32 19 1 5 

36 19 1 

33 20 2 1 
30 21 3 2 



27 22 4 3 

' Used as calibration standard for F. 32 22 4 

'' Used as calibration standard for S and CI. 24 23 15 

29 23 10 2 



Each of the responses in table 2 is the average of 
four independent sample runs, with at least two dif- 
ferent quartz fibers and plasma tubes used for each 
compound. When the experimental values are 
rounded to the nearest whole number they agree 
with the value expected from the empirical 
formula. 

While it is true that the value of C,^^ in the above 
expression will not be known for actual samples, 
the measured mass of the material is often available 
from mass spectrometry. Knowing the exact mass 
allows information on possible empirical formulae 
to be generated especially if information on the het- 
eroatoms present is available. This is illustrated in 
table 3 for the mass of 502.1226 derived from the 
empirical formula C27H22F4O3S. Using all possible 
values of carbon from tables 3 as Qam in eq (1) 
along with the ratio of area responses obtained for 
compound 1 in figure 2, it is possible to determine 
the empirical formula of this sample. 

While the unique selection of an empirical for- 
mula is not always possible, the number of choices 
is always greatly reduced using information on ele- 
mental ratios especially if the number of elements 
measured is increased. 



^..d Q„ C,a.^""" ^^' 30 24 2 1 2 



CtfH 2±sid X^am r^ /■ix 33 23 10 2 

('Sam 

27 25 3 2 2 

where c and x are the integrals obtained for carbon (c) and the 24 26 4 3 2 

heteroatom (x) and C and X are the VHinvber of carbons (C) and 29 26 4 2 

heteroatoms (X) appearing in the empirical formula. 21 27 5 4 2 
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Figure 1. Device used to deliver solid samples to the plasma. 
Sample is loaded onto the quartz filament at port A using a 
Hamilton syringe as shown in the insert. 



Figure 2. Structures of the nonvolatile samples studied. 
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Figure 3. Typical responses obtained for a 500 ng sample. 
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1. Introduction 

Ethyl carbamate occurs in some alcoholic bever- 
ages in concentrations ranging from < 10 fig/L to 



> lOCX) ju-g/L. Typically, the concentration is low 
in wine and high in some spirits; the concentration 
is particularly high in some plum brandies but is 
low in gin and vodka. Literature methods [1,2,3] 
rely on sample clean-up followed by packed- 
column GC and detection by FID, alkali flame ion- 
isation, electron capture, or Coulson electrolytic 
conductivity detector and allow measurements 
down to 10 jLig/L. The clean-up procedure re- 
quired for levels below 100 jxg/h is extensive and 
MS confirmation is still required. 

In the course of a study of ethyl carbamate levels 
in alcoholic beverages on sale in U.K., different 
methods of separation and measurement were as- 
sessed. Using extracts prepared by the clean-up 
procedure described below the three measurements 
were carried out within MAFF Food Science Lab- 
oratory over a period of some weeks by separate 
groups using respectively GC-Hall Electrolytic 
Detector, GC-Thermal Energy Analyser and GC- 
Mass Spectrometry. Results are shown in table 1. 

Table 1. Comparison of results for ethyl carbamate (fig/L) 
obtained from different detectors 



Sample 


Mass spectrometer 


TEA 


Hall 




(m/z 62) 


detector 


detector 


Bourbon Whiskey a,' 


216- 


204 


176 


b 


212" 


208 


184 


Scotch Whiskey a" 


75 


80 


72 


b 


77 


99 


84 


Red Wine a 


22 


16 


13 


b 


Not analysed 


13 


10 



' Each sample was extracted and concentrated in duplicate (a 

and b). Each concentrate was then analysed by the different 

detectors. 

'' Confirmed from m/z 61, 74. 



2. Extraction and Clean-Up Procedure 

Samples were diluted to <5% alcohol and 50 
mL passed down a Chemtube (CT 2050, Ana- 
lytichem) or Extrelut (Merck, 42g). Ethyl carba- 
mate was eluted with 3 X 50 mL dichloromethane, 
the extract was dried on a sodium sulphate column 
and concentrated to 4 mL prior to passage down a 
Florisil Sep-Pak (Waters) pre-rinsed with 
dichloromethane. The Sep-Pak was rinsed with 
dichloromethane and ethyl carbamate was eluted 
with 7% (V/V) methanol in dichloromethane 
(5 mL) and concentrated to about 0,7 mL in a mi- 
cro Kuderna-Danish evaporator. Final volume was 
measured by syringe. Average recoveries were 
84% (minimum 75%). 
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